Introduction
Numerous studies of sleep deprivation (SD) in humans and animals have provided evidence that sleep is homeostatically regulated. Sleep loss produces proportional increases in the 'drive' to sleep, in the subsequent occurrence of sleep, and in slow wave activity (SWA) recorded in the electroencephalogram (EEG) during non-rapid eye movement (NREM) sleep (Glossary). This property of homeostatic regulation, along with a circadian input, was incorporated into the 'two-process model' of sleep regulation (Figure 1 ) in which the homeostatic sleep-related 'process S' was proposed to interact with input from the circadian system ('process C') to gate the occurrence of sleep and wakefulness [1] . Process S is suggested to reflect a biochemical process(es) that begins to increase at the onset of wakefulness. Once a threshold value is reached, sleep occurs only if process C is in the appropriate circadian phase (Figure 1b) . Although seemingly simplistic, this model accounts remarkably well for the timing of sleep in humans and other species.
Cortical EEG is widely accepted to reflect thalamocortical activity [2] [3] [4] . A number of studies have suggested that SWA is related to the underlying process S. SWA increases in proportion to prior wake duration and decreases over the course of night-time sleep
Opinion
Glossary Dorsal raphe nuclei (DRN): midbrain nuclei that synthesize serotonin and have both ascending projections and descending projections. DRN neurons have their highest discharge rate during active wakefulness and are quiescent during REM sleep. Electroencephalogram (EEG): integrated measure of brain electrical activity, usually recorded from the scalp or brain surface. Fos immunohistochemisty: Immunological detection of c-Fos, an immediateearly gene transcription factor, is commonly used as an indicator of neuronal activity under a wide range of experimental conditions. Locus coeruelus (LC): a pontine nucleus that expresses tyrosine hydroxylase, the synthetic enzyme for noradrenaline. LC cells are wake-active and have both ascending and descending projections. LC innervation of the cortex is thought to have a role in selective attention and in the control of cerebral blood flow. Non-rapid eye movement (NREM): a sleep phase characterized by elevated arousal threshold, synchronized EEG, and moderate muscle tone. Large amplitude slow waves occur during the deepest stages of NREM sleep. NREM delta energy: mathematical product of NREM sleep duration multiplied by SWA during NREM sleep epochs. Due to the polyphasic nature of rodent sleep/wake patterns, NREM delta energy provides an integrated index of sleep homeostasis that is superior to SWA in many conditions. Preoptic-anterior hypothalamus (POAH): the rostral-most region of the brainstem, containing nuclei involved in autonomic functions and behaviors. Two nuclei within this region, the ventrolateral preoptic (VLPO) and median preoptic (MnPO) nuclei, contain GABAergic neurons that are thought to be sleep-active and which inhibit more caudal wake-active nuclei. Pedunculopontine tegmental nuclei (PPT): dorsolateral midbrain nuclei that express the synthetic enzymes choline acetyltransferase and nitric oxide synthase and are thus both cholinergic and nitrergic. PPT cells are active in conjunction with EEG desynchronization during wakefulness and REM sleep. Process C: a theoretical construct representing the output of the circadian system; usually modeled as a sine wave. Process S: a theoretical construct representing a biochemical process(es) that begins to increase upon awakening and decays during sleep. REM: a sleep phase characterized by desynchronized EEG, low muscle tone and rapid eye movements (REMs). Humans report dreaming after 80% of REM awakenings. Recovery sleep (RS): sleep that occurs after a period of sleep deprivation; characterized by decreased sleep latency, increased SWA and, sometimes, increased sleep duration. Sleep deprivation (SD): experimental manipulation that imposes a homeostatic challenge to the sleep/wake regulatory system by extending wakefulness duration. Sleep homeostasis: regulated physiological response that results in the subjective experience of sleepiness, decreased sleep latency, increased sleep intensity as measured by SWA and, sometimes, increased sleep duration. Factors such as circadian and environmental influences affect sleep duration, limiting its value as a measure of sleep homeostasis. Slow wave activity (SWA): EEG spectral power in the 0.5-4.0 Hz (delta) range during NREM sleep. SWA increases in proportion to prior wake duration and decreases during NREM sleep. Tuberomammillary nuclei (TMN): posterolateral hypothalamic nuclei containing wake-active histaminergic neurons that innervate the cortex and probably promote wakefulness. Ventral tegmental area (VTA): ventral midbrain region containing dopaminergic neurons.
